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SEMICONDUCTOR PACKAGE SUBSTRATE HAVING BONDING PADS 
WITH PLATED LAYER THEREON AND PROCESS OF 
MANUFACTURING THE SAME 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to a semiconductor package substrate having a plurality of 
bonding pads with a plated layer thereon, and a process of manufacturing the substrate. 
10 More particularly, the invention relates to a semiconductor package substrate in which a 
Ni/Au plated layer is formed on an exposed surface of a bonding pad, and a process of 
forming the Ni/Au plated layer on the exposed surface of the bonding pad of the 
semiconductor package substrate. 

15 Description of the Related Art 

Semiconductor package manufacturers have confronted great challenges to 
satisfy the requirements of product size reduction. A plurality of conductive traces, 
made of copper, for example, are formed on a substrate of a semiconductor package, 
and respectively extend to a plurality of bonding pads for signal and electrical current 

20 transmission. A Ni/Au layer is usually formed over the exposed surface of each bonding 
pad to improve electrical connection between gold wires, bumps or solder balls, chips or 
printed circuit board elements, and to further prevent oxidation of the bonding pads. 

The bonding pads are the electrical contacts, for example, bump pads or 
presolder pads used to electrically connect a flip-chip package substrate to the chip, or a 

25 ball pad used to electrically connect the package substrate to the printed circuit board. A 
Ni/Au layer is usually formed over exposed surfaces of the bonding pads to prevent the 
bonding pads, which are usually made of copper, from oxidizing in the atmosphere. 
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Therefore, electrical connection of the bumps, presolder or solder balls to chips or the 

printed circuit board is improved. 

In the prior art, the process of forming the Ni/Au layer over the bonding pads 
includes either chemically forming Ni/Au or electroplating Ni/Au. The chemical 
5 formation of a Ni/Au layer includes a non-electrical process such as the 
Nickel/Immersion Gold (EN/IG) process, which comprises electroless plating of the 
substrate in a Nickel bath to form a nickel layer on the bonding pad and immersion of 
the substrate in a gold bath to deposit a gold layer on the nickel layer. This process 
usually has disadvantages such as poor solderability and insufficient soldering strength, 
10 and further may form black pads and soldering with non-uniform-thickness. Soldering 
with non-uniform-thickness occurs when the nickel bath varies between temperature 
cycles. Even if the optimal operating conditions have been satisfied, the Gold layer 
often does not fully cover the nickel layer and thus the underlying copper layer may be 
externally exposed. Black pads are typically formed when the substrate is dipped in a 
15 gold bath while excessive oxidation is occurring. Specifically, gold atoms irregularly 
deposit on the nickel surface, resulting in a porous structure of a gold plated layer that, 
owing to a chemical battery effect on the underlying Nickel layer, causes continuous 
oxidation and aging of the underlying nickel layer. Problems such as non-uniform 
thickness and black pads deteriorate the connection and bonding of gold wires, solder 
20 bumps, presolder or solder balls to the bonding pads. Therefore, the reliability of the 
semiconductor package is reduced. 

In order to avoid the above problems of chemical formation of the Nickel/Gold 
layer, another approach is to use the electroplating method. Referring to FIG. 1, a 
conventional process forms a plurality of plating wires 11 respectively on a plurality of 
25 bonding pads 10 of a semiconductor package substrate 1. A Ni/Au layer 12 is plated on 
the bonding pads 10 by means of the plating wires 11. However, the plating wires 11 
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,„„ „f the routing area of rhe substrate 1, and further may 
undesirably occupy a portion of the touting 

generate noise due to an antenna effect when used a. high frequency. 

,„ order to so.ve the above problems, go.d pattern piating has been proposed m 
th e a,.. Referring ,0 F,G. 2A, a conductive iayer 21 is formed on either side of a 
5 s „bs,ra,e 2, being used to cat, a semiconductor chip. A » of pia.ed through 
holes (PTH) or blind vias (no. shown) are formed rhrongh the snbsttate 2. A pbototests, 
laye , 22 is formed to cover a portion of the conductive iayer 21 so that traces can he 
foraK d. The conductive iayer se.es as a path for elecica, current. The condncttve 
lay er 2! no, covered by the photoresist iayer 22 is pia.ed wi.h a Ni/Au .aye, 23, as 
I0 show „i„nG.2B. 1 ,e„,,hepho,„resis,iayer22isremoved, 1 eavi„g,heNi/Au 1 a,er«, 

as shown in FIG. 2C. The conductive iayer 21 is patterned ,0 form a trace iayer 24 by 

layer 24 is plated with a Ni/Au layer 23, as shown in FIG. 2D. 

Mthough Plating wires are no. required in .his case, .he Ni/Au layer ,s 

Since ,e ma.erfa, cos. of .he Ni/Au layer is expensive, ma.eria, wastage of 
ft e Ni/Au layer increase .he rora, producion cos, Also, .he solder mas, subsequenUy 
form ed to cover .he sub,ra,e is no, very comparihle with me Ni/Au layer, whtcb further 

reduces the reliability. 

Therefore, .here is a need for a simple process of manufacturing a 

the prior at. such as non-uniform rhickness and black pads. 

SUMMARY OF THE INVENTION 

„ is .herefore an objeCive of ,he invenuon ,o provide a package subs,ra,e 
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p,a,ed on Ore exposed bonding pads to improve electrical connection of goid wi,es, 

bonding pads from oxidizing in an ambient environment. 

„ is another objective of the invention ,0 provide a package snbstrate having a 
5 p,„ra„,y of bonding pads with a p.ated layer thereon and a process of mannfactnring the 
package snbstrate, rhrongh which problems snch as non-nniform plating thickness and 
Mack pads are overcome, and the reliability of the semicondncfor package is increased. 

„ is another objective o, the invention to provide a package snbstrate having a 
» of bonding pads with a plated layer thereon and a process of mannfactoring .he 
w package snbstrare in which formation o, a plnraliry of additional pfating wires on the 

teased and noise interference indnced by the p.ating wires can be prevented. 

„ is another object of the invention to provide a package snbstrate having a 
pmrality of bonding pads with a plated layer thereon and a process of manufacturing the 
15 package snbstrate in which formation of a Ni/Au layer over the whole trace layer of the 
S nbs,ra,e is no, reared, so that the production cos. can be sign.ficantly rednced. 

To achieve .he above objectives, a process of manufacturing a semicondnctor 
package snbstra, of the invention inclndes the following steps: providing a package 

snbstrate to expose the bonding pads with the plaled layer thereon. 

The process of the invention provides a package snbstrate having a pluralhy of 
bonding pads on a. leas, one snrface .hereof. A conducive film is formed over ,he 
s„bs,ra,e. A photoresist layer having a plurali.y of firs, openings is formed over ,he 
25 conducive fl ,m ,0 expose ,he condncive film on the bonding pads. The pho.oresis, 
lay er optionally has an ex.ension portion extendrng from an inner wall of each firs, 
opening ,o cover a portion of the conductive film on each bonding pad. The porrion o, 
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th e conductive film not covered by the photoresist layer is removed to expose the 
Wing pads respectively through the firs, openings. An eiec.ropla.ing process is 
performed .0 plate the exposed bonding pads .0 form a metal layer such as a Nt/Au 
,aye, Then, the photoresrs, layer and the conducive film covered by ,he photoresist 
5 ,ayer are removed. Afterwards, a solder mash is formed over the substrate. The solder 
mash has a plurality of second openings .0 expose the bonding pads with the plated 
,ayer thereon. Each second opening has a diameter that may be either smaller or larger 

than the size of each bonding pad. 

According .0 the package substrate and the manufacturing process of the 
I0 invention, the plated layer (such as a Ni/Au layer) covering the exposed surface of the 
hooding pads of the package substrate improves the e.ectrica! conuection .0 other 
devices aud protects the bonding pads from oxidizing in Ore ambient environment. 
Problems such as non-uniform plating thickness and black pads thereby a,, overcome, 
and the reliability of the semiconductor package is improved. During plating a Nt/Au 
IS ,aye, on the bondtng pads, the conductive film serves as a path for electrical current .0 
electricaUy conned the bonding pads on the package substrate, without the need of 
pl a.ing wires on the package substrate. Thereby, the availab.e routing area is greatly 
increased and noise tntetference induced by the plating wires is avoided. Furthermore, 
formadon of a Ni/Au .ayer over the whole trace layer of the substrate, which . 
20 necessary in the pnor art, is no. required in the invention. Thus the production cos. 

thereby is significantly reduced. 

To provide a further understanding of the invention, the following detailed 
description illustrates embodiments and examples of the invention, this detailed 
description being provided only for illustration of the invention. 
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Th e present invention can be more fially understood by reading the Mowing 
d e,ai,ed description of .he preferred embodiments, with reference made to the 

accompanying drawings wherein: 

HG. 1 (PRIOR ART) is a cross-sectional view of a conventional snbstra.e 

having a bonding pad wilh a Ni/Au layer thereon; 

FIG. 2A to FIG. 2D (PRIOR ART) are cross-sectional views of another 
eonvenrional substrate having a bonding pad with a Ni/Au layer thereon; 

n o. 3 is a cross-sectional view of a package substrate having a bonding pad 
with a plated layer thereon according to rhe invention; 

FIG 4A to FIG. 4H are cross-secrional views of a package substrate havmg a 
bonding pad with a plated layer thereon according to a firs, embodimen, of .he 
invention; 

HG 5A ,o FIG. 51 are eross-secriona. views of a package substrate havmg a 
bonding pad with a p.a.ed layer .hereon according .o a second embodimen. of the 

15 invention; . 

FIG 6A is a perspective view of a package substrare having a pbotoresrs. layer 

,o cover a conducive film thereon according to a second embodmten. of the invenuon; 

FIG 6B is a perspective view of a package substrate having a bonding pad .hat 
is covered by a plated layer according .o a second embodimen. of the invention; and 

nG . 6C and FIG. 6D are perspective views of a package subsriate havmg a 
solder mask thereon according ro a second embodimen. of .he invenrion. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

Wherever possible in .he following descriprion, like reference numerals will 
K refer .o l.ke element and parts unless orherwise illustrated. 

FIG 3 is a cross-secrional view of a bonding pad electrically connecting to a 
semiconductor package substrate according ,0 one embodrmen, of .he .nvention. 
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A semiconductor package substrate 3 is a flip-chip Ml grid array (BOA) 
pacta ge substra.e, including a p,ura,i.y of insulating .ayers 3, altered with rrace 
la yera 32, conducive vias 33 formed through Are insulatmg iayers ,0 e.eCricaU, 
connect ,he .race layers 32, and a solder mask 38 covering .he substrate 3. 

The instating layers 3! are made o, an organic materia,, a fiber-reinforced 
organic materia, or a particle-reinforced organic materia,, for example, epoxy ream, 
polyimide, bismaleimide triaaine-based resin, or cyanate ester. Each trace layer 32 ra 
formed by depositing a metal layer, for example copper, on one insulating layer 31, and 
th e„ patterning the meta, layer. An electroplating proceas can be optionafl, performed 
,„ ,o pattern the meta, ,ayer and form the trace ,aye, 32. A plurality of bonding pads 35 are 

of th e semiconductor package substrare 3. The bonding pads 35, for exampie, bump 
pads or preso,der pads, e.ectricaUy cormec, a, .east one flip-chtp semiconductor chtp 40 
,0 the firs, surface 3a of the substrare 3 through a plural.ty o, so.der bumps 39, The 

pad s on which a solder ball 39b is formed to electrically connect the chip 40, bonded to 
the substrate 3 by flip chip technology, to the printed circuit board. 

A me.a, layer 35c is uauaUy formed over an exposed surface of each bondtng 

20 from oxidation due to being exposed to the ambien, envtronment, and further to 
incl eaae .he bondabiliry of the solder bumps 39a and rhe ao.der balls 39b with the 

protective ,aye, over each bonding pad 35. The barrier layer can be formed by, for 
example, electroplating, electrons plating or physical vapor deposition (PVD) of a 
25 m e,a, materia, such as gold, nickel, palladium, silver, .in, nickel/pal.adium, 
cbromium/htantum, pa„adium/go,d or „icke,/pal!adium/go,d. A solder mask 38 havmg 
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exposing the underlying bonding pads 35. 

FIG 4A to FIG. 4H are cross-sectional views of a bonding pad electrically 
connecting to a semiconductor package substrate according to a first embodiment of the 
5 invention. 

Referring to FIG. 4A, a semiconductor package substrare 3 is provided. The 
substrate 3 can be, for example, .he flip-chip package subsrrare as shown in FIG. 3, or a 
wire-bonding package subsrrare. The substrate 3 has been previously subjected ,0 a 

process of forming .he above P ar.s is well known in .he art, and Us descrrprion is 
omitted herein. 

Referring .0 FIG. 4B, a conductive film 36 is formed over the subsrrate 3. The 
15 conducive film 36 se.es as «,ec,ric current paths for e.ectropUting .he metal layer 35c. 
The conductive film 36 is made of a metal selected from the group consisting of copper, 
, in nioke,, chromium, Uranium, copper-chromium and .in-.ead alloy. Preferably, the 
colauctive film 36 is made of copper or palladium partic.es. The conductive fflm 36 
forming methods include physica. vapor deposition (PVD), chemica, vapo, deposit™ 
2Q (CVD), egoless plating, o, chemica, deposition. In particular, processing methods 
such as sputtering, evaporation, arc vapor deposition, ion beam sputtering, laser ab.at.on 
deposition or p.asma enhanced chemica, vapor depos.tion are often used to form the 
conductive fflm 36. Referring to FIG. 4C, a photoresist ,ayer 37 is formed through 
printing o, coating on the substrate 3 on top of the conductive f,,m 36 .hereon, through 
25 printing or coa.ing. The photoresist ,ayer 37 can be, for examp.e, a dry fflm or H,u,d 
photoresist. The phoresis. ,ayer 37 is further formed with a p.urali.y of opening 37a to 
expose the conductive film 36a on the bonding pads 35. 
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Referring to FIG. 4D, .he exposed conductive film 36 is removed by etching or 

laser ablation to expose the bonding pads 35. 

Referring .0 FIG. 4E, a metal layer such as gold, nickel, palladium, silver, tm, 
ni ckel/pa,ladium, chromium/titanium, nickel/gold, palladium/go.d or 
5 mckel/pal.adium/gold is plated on the bonding pads 35. The conducive film 36 ,s used 
as a path for electrical current durmg plating. The conductive film 36 is preferably 
formed b, plating a nickel layer and .hen a gold layer. The nickel/gold layer can be 
formed .0 cover .he exposed surface 0, each bonding pad 35 as a plated .aye, 35c. The 
serial used in the plating process of .he invention is no. limited .0 nickel and gold. 
,„ Other suitable materials used, individually or combined with one another, may also be 
plated directly on the exposed surface of the bonding pads 35. 

Referring .0 FIG. 4F, after .he plated layer 35c is formed on the exposed 
surface of ft. bonding pads 35, the photoresist layer 37 and the conductive frlm 36 
covered by the photoresist layer 37 are removed. HO. 4G illustrates the pla.ed layer 35c 
,5 that has been formed on the exposed surface of the bonding pads 35. 

Referring ,0 FIG. 4H, a solder mask 38, such as an eleCrically insulating layer, 
is formed over the substrate 3 for protection against contamination from the ambient 

pads 35 having the plated layer 35c .hereon serve as externa, electrical connections o, 

the chip or circuit board. 

FIG 5A to FIG. 51 are cross-sectional views of a bonding pad formed on a 
semiconducor package substrate according ,0 a second embodiment of the .nvention. 

Referring ,0 FIG. 5A, a package substrate 3 is provided. The substrate 3, as 
describe above, can be a flip-chip package substrate 3 or a wire-bondmg package 
substrate. The subsbate 3 has been subjected ,0 a front-end process. For example, a 



9/16 



22087(revised) 

polity of mrough ho.es or blind ho.es (no. shown) are formed thtough .he subs„a,e 3, 
and a. leas, one .race layer 32 is formed on/mside .he snbstra.e 3. 

Referring .0 FIG. 5B, a conductive film 36 as mns.ra.en in .he firs, emhodrmen, 
of me invennon is formed over .he snhsrra.e 3. The condncrive ftlm 36 serves as e.ecrnc 
5 current paths for the electroplating metal layer 35c. 

Referring to FIG. SC. a photoresist layer 37 is fomred by printing or coatrng 
ove[ ,be snbstrate 3 on .op of .he condncrive film 36 .hereon. The pho.oresis, layer 37 
can be, for example a dry film or a liquid phoresis,. The phoresis, layer 37 has a 

fita 36 on each bonding pad. The remaining portion 36a of each bonding pad 35 rs 
exposed .rough .he corresponding opening 37a, as shown in FIG. 6A. 

Referring .o FIG. 5D, .he exposed condncrive film 36a .ha, is no. covered by 
the phororesi, layer 37 is removed by e.ching or ,aser ablaUon. Tha. is, .he conducive 
u mm 36a covering .he bonding pads 35 in .he openings 37a is removed .o expose .he 
bonding pads 35 no. covered by the photoresist layer 37. 

Referring to FIG. 5E, a metal layer such as go.d, nickel, palladium, silver, ttn, 
.^palladium, chrominm/riraninm, nicheVgold, paUadium/go.d or 
„Iladium/go,d , plated on rhe substrare 3. The conducive film 36 is used as a 
20 path for elecrfca. cnrren, during plating. The conductive film 36 is preferab.y foroted 
.htough plaring a niche, layer and .hen a gold layer. The nicltel/gCd layer can be fomred 

used, individually o, combined with one another, may be directly P ,a.ed on .he exposed 

25 surface of the bonding pads 35. 

Referring «o FIG. 5F, af.e, .he plated layer 35c has been formed on .he exposed 
surf ace o, the bonding pad 35, the pho.oresis. layer 37 and .he conducive Cm 36 
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covered by .he phoresis, layer 37 are removed. FIG. 5G Ululates the pla.ed layer 35c 
that has been formed on the exposed surface of the bonding pad 35. FIG. 6B is a 
schematic perspective view of the plated layer 35c. 

Referring to FIG. 5H, a solder mask 38 is formed over the snbstrate 3 for 
, protection against contamination in .he ambient environment. The solder mask 38 has a 
phrrality of openings 38a to expose the bonding pads 35 having .he plated layer 35c 
.hereon. Each opening 38a has a diameter .ha. is smaller man .he size of .he bonding 
pad 35 .o form a so-called solder mask defined (SMD) configuration. The exposed 
bonding pads 35 having the pla.ed layer 35c thereon serve as external electrical 
.0 connections of .he chip or circuit board. FIG. 6C is a schematic, perspective view of .he 
bonding pad 35. 

Referring to FIG. 51, .he solder mask 38 is fonned over .he substrate 3. The 
sower mask 38 has a plurality of openings 38a ,o expose .he bonding pads 35 having 
.be pla.ed layer 35c .hereon. Each opening 38a has a diame.er larger than .he size of the 
„ bonding pad 35 to form a so-died non-so.der mask defined (NSMD) configuration. 
The exposed bonding pads 35 having the plated layer 35c thereon serve as external 
dearie*, connections of the chip or circuit board. With reference to FIG. 6D, a 
schematic, perspective view of the bonding pad 35 is shown. 

According to the package substrate and the process of manufacturing the 
2 0 package substra.e of the invention, the pla.ed layer, such as a Ni/Au layer, covering .he 
exposed surface of .he bonding pads of the package substrate increases electnea. 
connection to other devices, and protects .he bonding pads from oxidizing in the 
ambient environment. Prior problems such as non-unifonr, plating thickness and black 
pads are also overcome to increase the reliability of the semiconductor package. During 
25 plating of a Ni/Au layer on the bonding pad, the conductive film serves as a path for 
electrical current to electrically connect .he bonding pads on the package substrate, 
without the need of a plating wire on the package substrare. Thereby, the available 
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,ou,ing area is greaUy increased and noise interference indnced by .he pianng wires rs 
avoided. Furthermore, formation of the Ni/Ao >aye, over the whoie trace .ayer of rhe 
subs,ra,e is no .onger required, which rednces rhe production cos, of the package 
substrate. 

The bonding pad of the invention can be of any type, snch as a wire bondmg 
pad a bnmp pad, a presoider pad, or a bail pad. Although ,he above embodimen, rs 
exempted by iUus.ra.ion of one bonding pad, .he number of bonding pad rs no. 
limi ,ed ,o one. The ac.ua. number of bonding pads, e,ec.rica, curren. pa.hs and 
phoresis, iayers depend on rhe circui. design re,uiremen, The bonding pads, .he 
10 eiecrrica, curren, pa,hs and ,he photoresist iayers can be formed on one or bo,h surfaces 
of the substrate. 

The invemion has been described using exemp.ary preferred embodiments. 
However, i, is ,o be understood Ura, ,he scope of me inven.ion is no, Hmiied ,0 ,he 
diS c,osed embodiments. On me contrary, i. is imended ,o cover various modificarrons 
15 and simuar arrangements. The scope o, me claims, merefore, shouid be accorded the 
broadest in,erpre,a,ion so as ,o encompass ail such modifica.ions and simiiar 
arrangements. 
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